the tactile ground surface indicator (tgsi) is a piece of equipment made in Japan for people who are blind or visually impaired. when it came to installing this device, many countries tried to follow the Japanese way of doing this procedure.
introduction
Tactile ground surface indicators facilitate the safe movement of people with impaired vision. Since being devised in Japan in 1965 they have spread to other nations around the world. Because the visually impaired can use them with almost no modification to their normal way of walking, and because the cost of installation is low, Tactile ground surface indicators are believed to be the most effective system for guiding people with impaired vision. 1 There are two types of Tactile ground surface indicators: warning blocks that indicate the location of hazards or destination facilities (Fig. 1 ) and directional blocks that indicate direction of travel (Fig. 2) . Standards are inconsistent overseas, with some countries using rules and blocks similar to those in Japan and others using their own rules and country-specific blocks.
Tactile ground surface indicators are designed to enable people with impaired vision to identify their own position, hazardous locations and the direction in which to walk. They must, therefore, be installed in safe locations in a consistent manner that facilitates identification by the visually impaired through contact with the feet. Nevertheless, numerous installations in Japan are dangerous, superfluous or create an obstacle for wheelchair users and others. Such situations are increasing overseas, as well. Although Japan exports Tactile ground surface indicators, it has not adequately communicated to foreign countries the appropriate methods of installation and operation. As a consequence, people with impaired vision in many countries find it difficult to walk using Tactile ground surface indicators as a guide, resulting in both accidents and confusion.
We decided to conduct a detailed examination of Tactile ground surface indicator installations overseas with reference to the findings of previous research 4 . This paper seeks to shed light on the nature of installation methods in other countries and, furthermore, to discuss installation errors and ways to correct them. The ultimate goal of this research is to eliminate inappropriate installations by drawing up Tactile ground surface indicator installation guidelines for compilation in a manual to be distributed to groups involved with Tactile ground surface indicators around the world, including government agencies, local municipalities, welfare organizations and construction companies.
methodoLogy

Survey locations
Locations surveyed include London, UK; Paris, France; Frankfurt, Germany; Brussels, Belgium; Amsterdam, Netherlands; California, USA; Tijuana, Mexico; Sydney, Australia; Auckland, New Zealand; Seoul, Busan and Daegu, Korea; Beijing, Shanghai, Dalian and Guangzhou, China; Taipei and Taichung, Taiwan; Hong Kong; Singapore; Kuala Lumpur, Malaysia; Jakarta, Indonesia; and Bangkok, Thailand. These locations are either known importers of Tactile ground surface indicators from Japan or were identified, based on a review of the literature, to have extensive installations of Tactile ground surface indicators.
Researchers and procedures
Research was conducted by the four authors, using the method for detecting inappropriate Tactile ground surface indicator installations described in Fieldwork for Barrier Detection 5 The inappropriate installations detected by each researcher were categorized by the four authors together with two people with impaired vision who cooperated in the research. (Fig. 3) . Blocks with bars are installed at the top and bottom of stairways such that the direction of the bars is parallel to the long dimension of the treads (Fig. 4 ).
-Paris, France In Paris, warning blocks are installed before crosswalks, at the top and bottom of stairs leading in and out of subway stations and on subway and train platforms. In some areas, blocks serving a directional function are installed within crosswalks (Fig. 5) . Most blocks are white but black, grey and pale yellow are also used. To protect the scenery, subway station signs and other prominent manmade objects are not installed near historical sites such as the Arc de Triomphe, the Paris National Opera, the Louvre or the Place de la Concorde but Tactile ground surface indicators, in colors that stand out (white and yellow), are an exception (Fig. 6 ) Paris has recently been emphasizing barrier-free accessibility, including such experimental efforts as the uniquely configured blocks installed at the Montparnasse rail station (Fig. 7 ).
-Frankfurt, Germany In Frankfurt, blocks are installed inside rail and subway stations and on the platforms at rail, subway and tram stations. Many blocks are white, although some are grey. The warning blocks inside rail stations are of similar configuration to those used in Japan. The directional blocks used at train stations and the blocks used at subway and tram stations are uniquely German in configuration. Directional blocks at train stations are made up of thin linear protrusions (Fig. 8) . Directional blocks are installed at rail station platforms but no warning blocks-only non-slip strips with small dot-shaped protrusions located at the edge of the platform. Tram stations use the same directional blocks as at rail stations but warning blocks are never used at platform edges or where blocks intersect (Fig. 9 ).
-Brussels, Belgium In Brussels, blocks are installed before crosswalks, at bus stops and at subway and rail stations and platforms. Most blocks are grey, with yellow, silver and black blocks also used. Brussels has a mix of locations where the blocks (warning and directional) and installation methods are similar to those in Japan and locations where block configuration and installation methods are unique to Belgium.
One of the Belgium-specific blocks uses metal disks of roughly 85mm in diameter and 8mm in height (Fig.  10 ). In Japan, the prescribed size of warning block protrusions is 22mm in diameter (±1.5mm) and 5mm in height, a size designed to promote mobility by the visually impaired without impeding the movement of wheelchair users or elderly pedestrians. Given the large size, height and slipperiness of the metal disks used in the Belgian blocks, one suspects that they present a significant obstacle for wheelchair users, children and the elderly. In one part of the city, metal bars are embedded in the road surface where one would expect to find warning blocks (at the top of stairs and escalators, for example) (Fig. 11 ). Being only 3mm in height, these protrusions create no obstacle for wheelchair users or elderly pedestrians but also seem likely to go unnoticed by the visually impaired. In some places, similar metal bars are embedded in the road surface and serve a direc- tional function (Fig. 12 ). Rubber warning blocks are also sometimes installed at bus stops where directional blocks intersect (Fig. 13) . Brussels, therefore, presents a mix of block types and installation styles that may create confusion for people with impaired vision.
-Amsterdam, Netherlands In Amsterdam, blocks are installed before crosswalks, at medians and on tram and subway platforms. Both warning blocks and directional blocks are installed according to the same rules as in Japan. Netherlands-specific blocks are used in addition to blocks configured like those in Japan. Most directional blocks are white or grey while warning blocks are yellow or grey. Where directional and warning blocks are used together the color of the blocks is often not uniform. Netherlands-specific blocks include some with thin recessed lines as in Figure 14 . With very little surface irregularity, such blocks are extremely difficult to detect with the feet or a white cane. Grooves carved into the pavement at subway station platforms (Fig. 15) are also difficult for people with impaired vision to recognize.
The Americas
-USA (San Francisco, Los Angeles and San Diego, California) California uses distinctive landmarks to help the visually impaired cross the road safely (Fig. 16 ). Rather than lay down Tactile ground surface indicators before crosswalks, shallow grooves are cut into the pavement. These are more difficult to detect than Tactile ground surface indicators when using feet or a cane. This installation method is uniform in San Francisco, Los Angeles and San Diego. Although the number of locations is not large, warning blocks like those in Japan are also used before crosswalks, at rail and subway stations and at tram platforms. Directional blocks are also installed at rail station platforms. Blocks are yellow, black or white. Installations of blocks before crosswalks (Fig. 17) appear arbitrary, lacking consistent rules. At rail station platforms, directional blocks are installed near train doors (Fig. 18) . However, only one or two blocks (30-60cm) are installed as landmarks at each location; they do not serve to direct people toward stairways or ticket gates.
-Tijuana, Mexico Tijuana uses landmark installations before crosswalks that are similar to those used in California. There are, however, no installations of Tactile ground surface indicators.
Oceania -Sydney, Australia
In Sydney, blocks are installed at rail, monorail and light rail station platforms, before exterior stairways, before exterior obstacles, at airports and at bus stops. Warning blocks and directional blocks are similar to those used in Japan, and installed in the same way, including at the Opera House and other well-known tourist spots. Unlike many other countries, however, blocks are not installed before crosswalks. As some rail, monorail and light rail stations, directional blocks lead from at or near the ticket gates to the platform. Blocks are yellow, silver, blue, green and grey. Blue blocks are frequently used at rail stations while yellow is often used at monorail and light rail stations.
-Auckland, New Zealand In Auckland, warning blocks are installed before crosswalks in the city center, at rails stations and platforms and before interior stairways at shopping centers and other large-scale facilities. In suburban areas, directional blocks and warning blocks are installed before crosswalks to create a T-shaped configuration of about 1-1.5m. In addition, directional and warning blocks are also installed in areas with facilities for people with disabilities. Such blocks are installed in the same manner as in Japan. Blocks are most often yellow, with silver and white also used.
Asia -Seoul, Busan and Daegu, Korea
In Korea, warning blocks and directional blocks are installed in accordance with Japanese rules in many locations including sidewalks, subway and rail stations and platforms, public facilities and large shopping centers. The configuration of the blocks, with the exception of some subway stations in Seoul (Fig. 19) , is the same. Blocks are yellow, silver, brown, white and grey. Because installation methods are adopted whole cloth from Japan, many of the same errors are found.
-Beijing, Shanghai, Dalian and Guangzhou, China Tactile ground surface indicators are installed broadly in major cities such as Beijing, Shanghai, Dalian and Guangzhou. They can also be found winding through suburban areas surrounding major cities; the volume of blocks installed is second only to Japan. Both warning and directional blocks are used, and installed in a manner roughly the same as in Japan. Some areas have their own rules, however, such as in parts of Guangzhou where no blocks are installed where directional blocks intersect, a location where warning blocks would normally be installed (Fig. 20) . Block colors include yellow, grey, green, brown and beige. As in Korea, because installation methods are adopted whole cloth from Japan, many of the same errors are found. Maintenance is also inconsistent; here and there one sees broken blocks that have been left unrepaired.
-Taipei and Taichung, Taiwan As in Korea and China, in Taiwan warning blocks and directional blocks are installed in accordance with rules nearly identical to those in Japan. Most blocks are yellow, with grey blocks also in use. Tactile ground surface indicators are frequently installed across the entire sloped area leading to a crosswalk (Fig. 21) , creating an obstacle for wheelchair users and others. In addition, although there are many stepped areas on sidewalks in the city center, very few are marked with warning blocks. This is dangerous for people with impaired vision and fails to accommodate their needs.
-Hong Kong In Hong Kong, warning and directional blocks are found at and around rail stations and warning blocks are installed before crosswalks and at medians in the city center. Blocks are yellow, silver, black, grey, green and brown. Installation methods are roughly the same as in Japan.
-Singapore In Singapore, warning and directional blocks are installed primarily around subway stations. Installation rules are roughly the same as in Japan. Only a very few crosswalks in urban areas are equipped with warning blocks. Blocks are silver, yellow and grey.
-Kuala Lumpur, Malaysia In Kuala Lumpur, blocks are installed mainly at rail, subway, LRT and monorail stations and the surrounding sidewalks. In some locations warning and directional blocks are installed as in Japan while in other locations directional indicators are carved into the pavement and warning blocks are installed where directional markers intersect and where pedestrians are to stop (Fig. 22) . The latter practice is often followed at rail and LRT stations but the two types were found to coexist at one location. Blocks are yellow, silver and grey.
-Jakarta, Indonesia Warning blocks indicating the entrance to parking lots are installed on the sidewalks in Jakarta's Jalan Thamrin business area as shown in Figure 23 , an installation method unique to Indonesia. Blocks of this type are installed at nearly every parking lot entrance, making for a great many installations. Warning blocks are also installed before some crosswalks in the Jalan Thamrin area. No blocks are installed outside this area, however. Blocks are yellow in color.
-Bangkok, Thailand Warning and directional blocks are used on many sidewalks in central Bangkok. Warning blocks are also installed at the top and bottom of stairways at subway and monorail stations. Blocks are not, however, installed at rail stations or rail platforms. Installation rules are roughly the same as in Japan. Blocks are yellow or grey. Many damaged blocks seem to be left unrepaired.
Bangkok is a city with many vendors who set up shop on sidewalks; these frequently end up covering the blocks (Fig. 24 ).
Installation errors similar to those in Japan
As mentioned above, many countries install their blocks following installation methods used in Japan, and "import" the same sort of installation errors seen in Japan. Below we discuss examples of blocks installed overseas that exhibit such errors.
-Failure to Install Warning Blocks before Crosswalks and Stairways Examples of warning blocks not being installed before crosswalks or stairways despite the directional blocks leading to such spots were observed in New Zealand, Korea, China and Taiwan. In particular, cases where warning blocks are not installed at the top of a stairway, as in Figure 25 , can lead a person with impaired vision to fall down the stairs.
-Narrow Warning Blocks Examples of narrow warning blocks were observed in the UK, Australia, Korea and Taiwan. Such installations at station platforms, as in Figure 26 , can lead a person with impaired vision to fall onto the track.
-Incorrectly Located Blocks Incorrectly located blocks include warning blocks positioned too far from obstacles, those positioned too close to obstacles, failing to indicate the start or end of a stairway and incorrect positioning of blocks at the entrance to crosswalks or doors. Examples of warning blocks positioned too far from obstacles were observed in the USA, Australia, Korea, Taiwan and Hong Kong. Examples of blocks positioned too close to obstacles were found in Korea and China. Examples of incorrect positioning of blocks at the entrance to crosswalks or doors were found in France, the USA, Australia, Korea and Taiwan (Fig. 27) . Such errors are the result of failing, when modifying the location of a crosswalk, to change the location of the blocks, instead leaving them where they were.
-Failure to Install Warning Blocks Where Directional Blocks Intersect Examples of failing to install warning blocks where directional blocks intersect, as in Figure 28 , were observed in Korea, China, Taiwan, Malaysia and Thailand. Such installations can lead a person with impaired vision to become lost by preventing detection of a turning point.
-Obstacles Above or Near (within 30cm of) Tactile ground surface indicators Examples of obstacles above or near directional blocks (other than items such as bicycles or motorcycles that can be moved) were observed in Germany, Korea, China, Malaysia and Thailand. Because objects located above waist level cannot be detected with a white cane 6 , in a situation like the one illustrated in Figure 29 a person with impaired vision could fail to notice the pedestrian bridge and crash into it, suffering serious injury.
-Excessive Number of Blocks Examples of installations with an excessive number of blocks were observed in the UK, Korea, Taiwan, Singapore, Malaysia and Thailand. Installations before crosswalks like the one illustrated in Figure 30 not only obscure the entrance to the crosswalk but also make it difficult to identify the direction of the crosswalk, leading to the danger that a person with impaired vision might step out in the wrong direction, perhaps toward the middle of the intersection. Such installations create obstacles not only for the visually impaired but also for the elderly and for those using wheelchairs or strollers.
-Interruption by Objects such as Manhole Covers Examples of blocks interrupted by objects such as manhole covers (Fig. 31) were observed in all countries that installed blocks except the USA and Singapore, where there are few block installations and no such examples could be found during the current survey. Interrupted blocks mean confusion for people with impaired vision, who lose their directional guide. There is a need to communicate to the world the importance of installing blocks even on manhole covers.
-Warning Blocks in Places Where They are Unnecessary Examples of warning blocks installed in places where they are unnecessary were found in Korea, China, Taiwan and Hong Kong. As in Figure 32 , warning blocks were frequently installed in situations where there was a slight change in the direction of directional blocks. Warning blocks cause people with impaired vision to stop and attempt to identify what danger their attention is being drawn toward. Unnecessary warning blocks greatly reduce walking efficiency.
-Warning Blocks Where Directional Blocks Should be Installed Examples of warning blocks installed where directional blocks should be were observed in Korea and China. Providing directional guidance with warning blocks creates confusion for people with impaired vision, who are unable to determine whether the location is a route to be followed or a location where they are to exercise caution.
-Installations at Medians Examples of installation at medians were observed in the UK, the Netherlands and Hong Kong. Blocks at medians can lead people with impaired vision to mistakenly believe they have passed through the crosswalk and begin to walk along the median 7 .
-Installations that Impede Wheelchair Users Installations that impede wheelchair users include blocks installed on or at the beginning and end of sloped walkways, blocks installed on slopes that lead to crosswalks and blocks installed at disabled parking spaces. Examples of blocks installed at sloped walkways were observed in the USA, Australia, New Zealand, Korea, China, Taiwan, Hong Kong and Singapore (Fig. 33) . Such installations can be found throughout Japan but should be avoided as they impede the movement of wheelchair users 9 .
Examples of installations on slopes that lead to crosswalks were observed in the UK, the USA, New Zealand, Korea and Taiwan.
Examples of installations at disabled parking spaces were observed in the USA and Hong Kong (Fig. 34) . People with impaired vision do not use such parking spaces by themselves so blocks that impede the movement of wheelchair users should not be installed.
concLusions
Tactile ground surface indicators are indispensable in supporting the movement of people with impaired vision, and their profusion around the world is most welcome. However, if blocks are not installed properly they cannot perform their function of providing safe guidance and may put the visually impaired in dangerous situations. The following three points of view must be considered when installing Tactile ground surface indicators: 1) supporting safe movement by the visually impaired; 2) installations that are easily distinguishable by the visually impaired; and 3) installation methods that consider the mobility-impaired including wheelchair users and the elderly. 4 Below we present a summary, grounded in these points of view, of the issues surrounding Tactile ground surface indicators as installed around the world.
Supporting safe movement by the visually impaired
In our research we found, all around the world, warning blocks not installed before crosswalks or stair- ways, the use of narrow warning blocks, warning blocks not installed where directional blocks intersect, and obstacles present above or near (within 30cm) Tactile ground surface indicators. Such cases were particularly numerous in Korea, China and Taiwan. Both warning and directional blocks are installed in these countries, which have adopted rules similar to Japan's. Installing both types of blocks is more effective than warning blocks alone in enabling safe and efficient walking for the visually impaired because it is easier to move about and identify which direction to walk. On the other hand, the additional complexity of installation results in more errors. One of the reasons these countries and regions make installation errors is that instead of following basic installation rules they simply copied Japanese usage without fully investigating the situation in Japan. In other words, their installations copy Japanese mistakes. Because sidewalks in these countries and regions contain many obstacles like street vendors, bicycles and motorcycles, it was a mistake to adopt, without modification, installation methods from Japan where such sidewalk obstacles are rare.
In such countries, too, pedestrian bridges and signs are installed over directional blocks such that the space above the blocks is unsafe for moving about. The reason is that those installing the blocks lack an adequate understanding of the blocks' purpose and the way visually impaired people walk.
Installations easily distinguishable by the visually impaired
As our research findings show, methods for installing Tactile ground surface indicators are not consistent around the world. Australia, New Zealand, Korea, China, Taiwan, Hong Kong and Thailand apply rules nearly identical to those used in Japan but Europe and America have created rules of their own. Some countries, such as Belgium, France and the Netherlands, use multiple rules and blocks even within the same country. With installation methods inconsistent across countries, the visually impaired may find it difficult to understand what the blocks mean and become confused. As globalization brings increased opportunities for the visually impaired to travel abroad, there is an urgent need for international standardization of installation methods.
Examples of people with visual impairments being unable to determine the meaning of Tactile ground surface indicators can be found all over the world, such as installations with an excessive number of blocks, blocks interrupted by manhole covers, warning blocks installed where there is no need for extra caution and warning blocks installed where directional blocks are required. Such errors are born of a failure to grasp the nature of how the visually impaired walk. For example, an unnecessarily large number of warning blocks installed before a crosswalk prevents the visually impaired pedestrian from identifying the location or direction of the crosswalk entrance. The people installing the blocks probably increased the number of blocks thinking it would help ensure that the visually impaired person came to a stop before the crosswalk. Going forward, countries and regions must better grasp how the visually impaired move and instruct the people performing installations how to do so correctly in situations where errors are easily made.
Consideration for wheelchair users, the elderly and the mobility-impaired
All around the world it is now considered perfectly normal for the elderly and people with disabilities to go out into society. As a result, wheelchairs users, elderly people and the mobility-impaired have greater opportunity to do so. As discussed above, however, Tactile ground surface indicators create a barrier for wheelchair users and others. Supporting the safe movement of the visually impaired is important, of course, but we must find ways to install Tactile ground surface indicators such they do not impede the mobility of wheelchair users and others. When moving through an area with a change of grade, for example, one solution is to create different lines of circulation for wheelchair users and the visually impaired, with a slope for the former and Tactile ground surface indicators installed before stairs for the latter.
Going forward, barrier-free design must go beyond focusing simply on providing support for the visually impaired or for wheelchair users and instead consider how all can live together in harmony.
The above suggests that the promotion of globally consistent installation methods requires the creation and standardization of installation guidelines. Organizations for the visually impaired around the world have sought such installation guidelines. Therefore, we created detailed guidelines describing the installation of Tactile ground surface indicators, focusing on examples of incorrect installation-especially common mistakes-and how to correct them 9 . Figure 35 shows one example. Today we are distributing and explaining these guidelines to government organizations, local municipalities, public welfare, construction companies and other bodies around the world that have an interest in Tactile ground surface indicators. We are confident this will contribute to the
